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ABSTRACT 
The effects of alachlor, 2 chloro-2',6'-diethyl-N- 
(methoxymethyl) acetanilide, on the growth and metabolism 
of the oat seedlings and coleoptiles were studied. 
Effects of another acetanilide herbicide, propachlor, 
2-chloro-N-isopropylacetanilide, have been compared in 
a number of these studies. 
Alachlor inhibited growth of etiolated oat seed¬ 
lings in the dark only when applied by a foliar 
application, whereas tissue placed in the light was 
inhibited by a subirrigation treatment. A light 
requirement for translocation is suggested. 
Elongation of control and auxin-treated oat 
coleoptiles was inhibited by alachlor after an initial 
lag of 3 to 4 hrs and by propachlor after a 2 hr lag. 
Because this lag was longer when sections were incubated 
in solution without agitation and because treating 
sections with an extract from alachlor-inhibited sec¬ 
tions did not reduce the lag time, it is suggested that 
uptake is responsible for the lag. (Both experiments 
were conducted only with alachlor.) 
Alachlor pretreatments of 5 and 8 hrs were inhibi¬ 
tory to auxin- and low pH-promoted growth in coleoptile 
sections, the inhibition being more pronounced on the 
auxin-promoted sections. 
Alachlor inhibited neither the control nor auxin- 
promoted respiration rate during the initial period 
of growth inhibition. In contrast, there was a partial 
inhibition due to propachlor 2 to 4 hrs after treatment, 
a time when this herbicide completely inhibited growth. 
Since a close parallel between the degree of inhibition 
of respiration and growth has been shown using cyanide, 
it is concluded that neither herbicide prevents growth 
by inhibiting respiration. 
It is known that events occurring at the plasma 
membrane are a factor in the regulation of growth. Thus, 
the possible effect of alachlor and propachlor on mem¬ 
brane function was investigated by measuring the uptake 
of chloride and leucine in the presence of these 
herbicides. Alachlor had no apparent effect on leucine 
uptake while Cl uptake was somewhat reduced due to 
alachlor. Propachlor did appear to inhibit leucine 
accumulation-4.25 hrs after treatment. Chloride uptake 
was not appreciably changed due to propachlor. Based on 
these results it is suggested that neither herbicide 
inhibits growth by drastically altering structure or 
permeability of cellular membrane, but the possibility 
that alachlor growth inhibition is linked to a membrane 
phenomena needs further investigation. 
During the initial inhibition of growth due to 
alachlor (4.25 hrs after treatment) and propachlor (2.25 
hrs after treatment) protein synthesis was reduced 10% 
and 23%, respectively. Two lines of reasoning are pre¬ 
sented which argue against the possibility that growth 
inhibition was a consequence solely of these herbicides 
acting as general inhibitors of protein synthesis. 
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INTRODUCTION 
Alachlor is a relatively new herbicide currently 
used to control annual grasses and certain broadleaf 
weeds in several agronomic crops including corn, soy¬ 
beans, cotton, and peanuts. Its future use with other 
crops is under current investigation, • Published 
information relative to alachlor's physiological and 
metabolic effects is limited. The interpretation of 
the data from research on other acetanilide herbicides 
(16, 27) has been extrapolated to that of alachlor from 
the perspective that they may act similarly. 
Uptake of these acetanilide herbicides has been 
investigated with varying results. Armstrong et al., 
(1) found alachlor more inhibitory to shoot growth of 
yellow nutsedge when the herbicide was applied to the 
zone of the soil in which the shoots were growing 
(shoot zone) rather than the zone in which the roots 
14 
were growing. In fact, very little C-labelled 
alachlor was found translocated from the roots to any 
other part of the plant. Similarly, Knake and Wax (23) 
reported that for giant foxtail a shoot zone application 
of alachlor was more growth-inhibiting than a root zone 
* 
application. In contrast, Eshel (19) concluded from 
his investigation that roots were the primary source of 
alachlor uptake in cotton. 
Jaworski (22) attempted to relate resistance and 
2 
susceptibility among species to alachlor uptake, but 
could find no consistent pattern. Chandler et al. (7), 
working with excised wheat sections, found coleoptile 
and leaf sections took up more labelled alachlor in 
light than in the dark, whereas uptake by root sections 
was not affected by light. Also, coleoptile and leaf 
sections took up four times more alachlor than roots 
on a fresh weight basis. Chang et al. (8) reported 
that subirrigation with alachlor was only partially 
inhibitory to oat seedling growth in the dark whereas 
the same treatment was completely inhibitory in the light. 
Duke (16) reported that propachlor inhibited pro¬ 
tein synthesis in cucumbers. Based on this and similar 
information (27), the Herbicide Handbook of 1970 (35) 
suggested that alachlor may also inhibit plant growth by 
inhibiting protein synthesis. Edmundson (18), however, 
was unable to link alachlor's growth inhibition in 
cucumbers to changes in either nucleic acid or protein 
synthesis. Devlin and Cunningham (14) reported pro¬ 
pachlor more inhibitory than alachlor to the induction 
of °<-amylase in barley half seeds, but even propachlor 
-4 
at 2.4 x 10 M was only 50% inhibitory. Recently, Chang 
et al. (8) reported several lines of evidence consistent 
with the thesis that alachlor's growth inhibition is not 
due to a general inhibition of protein synthesis. 
Chlorophyll synthesis, which requires protein synthesis. 
3 
was not inhibited by alachlor. Gibberellic acid- 
promoted induction of °(-amylase in embryo-less barley 
half seeds, also dependent on de novo protein synthesis, 
(34), was not inhibited by 5 x 10”4M alachlor and only 
-3 
20% inhibited by 10 M alachlor. Finally, the iri vivo 
incorporation of radioactive amino acid into protein in 
_5 
oat seedlings was not inhibited by 5 x 10 M alachlor, 
although this concentration completely inhibited growth. 
Chang et al. (8) also determined the effect of 
alachlor on the activities of nitrate reductase and 
phenylalanine ammonia-lyase. Nitrate reductase activity 
was not affected three days after alachlor had inhibited 
growth, again indicative that protein synthesis was not 
affected. Phenylalanine ammonia-lyase activity, on the 
other hand, was reduced within 24 hours of alachlor 
application. The significance of this effect of the 
herbicide on phenylalanine ammonia-lyase activity is 
obscure, however, since so many different factors influence 
the level of activity of this enzyme, frequently with 
no apparent effect on the growth of the plant. 
Previous studies (24, 31) have indicated that some 
inhibitors of plant growth either mimic or prevent the 
action of endogenous plant hormones. Examples are the 
"anti-gibberellins" and the auxin-like compounds. Chang 
et al. (8) attempted to determine if any relationship 
between alachlor and the two plant growth regulators, 
gibberellic acid and auxin, existed. Using intact 
4 
seedlings he found that if gibberellic acid were applied 
at high concentrations 24 hours prior to the alachlor 
application it could overcome the alachlor effect, but 
when applied simultaneously with alachlor the gibberellic 
acid was ineffective. He concluded that an interaction, 
although not a direct one, may occur between the two 
substances. 
Chang considered the possibility of an alachlor 
effect on auxin-mediated processes only briefly. The 
Avena coleoptile straight growth test was used and 
measurements were made after 25 hours. It was observed 
that alachlor inhibited elongation of the coleoptile 
sections but that auxin could apparently only partially 
overcome the alachlor inhibition. 
Dhillon and Anderson (15), also using the oat 
coleoptile straight growth test, found a reduction in 
growth of auxin- and non-auxin treated sections due to 
propachlor. Hickey and Kruegar (20, 21) found that 
alachlor inhibited normal emergence of the primary leaf 
in corn and sorghum. The force needed for leaf slippage 
from the corn coleoptile was reported to be greater in 
the alachlor-treated sections. They concluded that ala¬ 
chlor increases the coleoptile's rigidity such that 
normal emergence of the primary leaf is inhibited. 
The oat coleoptile assay was developed in the 1930's 
by Bonner (5, 6) and Thimann (33) among others for use 
in auxin studies. Since that time numerous investigators 
5 
have employed this procedure in their studies and 
consequently considerable information relative to the 
coleoptile's physiological responses is available (10, 
28, 36). There are a number of reasons for the popu¬ 
larity of this test, most important being that the 
coleoptile sections are highly responsive to auxins 
and contain very little or no endogenous auxin. The 
auxin response is easily measureable and highly 
reproducible. Also of great importance is the fact 
that cell elongation is responsible for essentially 
all growth in the system. Thus one can investigate 
the process of cell elongation and the specific role 
auxin plays in this process. 
Bonner established in 1933 that auxin's growth- 
promotive ability is respiration dependent (3). He 
found that increasing concentrations of cyanide de¬ 
creased respiration and growth of the Avena coleoptile 
to the same extent (5). Loescher and Nevins (26) have 
recently reaffirmed that auxin stimulates respiration 
while stimulating growth. 
Bonner (4) also noted in his early work that the 
oat coleoptile could elongate at increased rates as 
the pH was lowered. Since that time many researchers 
(11) have used this phenomenon in trying to better 
elucidate auxin's mode of action. The low pH is 
thought to cause loosening of acid-labile bonds in the 
cell wall allowing turgor to cause growth (11). Rehm 
6 
and Cline (32) have concluded from their results that 
the acid effect is at least partially energy dependent. 
Recent evidence suggests that hydrogen ion secretion is 
an integral part of auxin-induced cell wall loosening 
(13, 17). Whether these ions act directly on the cell 
or affect cell wall loosening enzymes is under inves¬ 
tigation. 
Studies in which inhibitors of protein synthesis 
were used indicate that short-lived, unidentified proteins 
are needed for auxin-promoted growth (12, 29). Initially, 
Nooden and Thimann (30) reported a similarity between 
inhibition of protein synthesis and coleoptile growth. 
Cleland has studied the coleoptile1s cell wall 
extensively and the effect of auxin on it. He has 
concluded that auxin increases plastic (irreversible) 
expansion of the cell wall and that this process is 
energy dependent (9). Although increased synthesis of 
cell wall materials is attributed directly to auxin (2), 
Baker and Ray (2) and Loescher and Nevins (25) have 
separately concluded that auxin-promoted cell wall 
expansion is not dependent on cell wall synthesis. 
The purpose of this investigation was to elucidate 
how alachlor inhibits plant growth. To this end, a 
plant system with two characteristics was desired. 
First it was considered essential to work with a 
system that reduced the variables inherent with whole 
plant studies while retaining the intact cell. Second, 
7 
it was important that the physiology of the system be 
well characterized. The oat coleoptile straight growth 
test met both requirements. Alachlor was found 
inhibitory to the growth of oat coleoptile sections 
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AN INVESTIGATION OF THE METABOLIC 
AND PHYSIOLOGICAL EFFECTS OF ALACHLOR 
ON AVENA SEEDLINGS AND COLEOPTILE SECTIONS 
Section I 
The Effect of Alachlor on the Grovrth 
of Avena Seedlings and Coleoptile Sections 
13 
ABSTRACT 
Alachlor (2 chloro-2',6•-diethyl-N-(methoxymethyl) 
acetanilide) was shown previously to inhibit oat 
seedling growth when applied to the roots only if the 
seedlings were exposed to the light for at least 16 hrs. 
It: is now shown that a foliar application of alachlor 
inhibits the growth of oat seedlings held in the dark; 
thus a light requirement for alachlor's inhibitory 
action is eliminated. A light requirement for trans¬ 
location is suggested. 
Elongation of control and auxin-treated oat 
coleoptile sections was inhibited by alachlor after 
an initial lag of 3 to 4 hrs. Growth promotion by 
auxin and a low pH (4.1) in sections pretreated with 
alachlor for 5 or 8 hrs was inhibited. This inhibition, 
although not complete in either case, was more pro¬ 
nounced with auxin. Possible implications of these 




Alachlor, a selective preemergence herbicide, is 
used for the control of several annual grasses and 
certain broadleaf weeds in corn, peanuts, cotton and 
soybeans. The selectivity exhibited by alachlor and 
other chloroacetamide herbicides is not solely due 
to differences in uptake rates although this parameter 
may play a role (17, 25). Chloroacetamides are 
metabolized by susceptible and resistant species 
and varying breakdown rates also could affect selec¬ 
tivity (16) . 
Knake and Wax (18) found alachlor and another 
acetanilide herbicide, propachlor, significantly 
more inhibitory to the shoot growth of giant foxtail 
when applied to the shoot zone of the growing media 
rather than the root zone. Armstrong et al. (1) 
also reported a shoot zone application more effective 
in inhibiting the growth of yellow nutsedge than a 
root zone application. In fact, very little labelled 
alachlor was found translocated from the root zone 
application (1). In contrast, Eshel (12) reported 
that applying alachlor to cotton roots provided more 
inhibition of shoot growth than a shoot zone treat¬ 
ment. Chang et al. (9) reported that alachlor, 
supplied to the roots of etiolated oat seedlings 
(shoots 2 to 5 cm long), did not inhibit shoot growth 
15 
when the seedlings were held in the dark. If transferred 
to the light at the time of treatment inhibition was 
observed. At least 8 hrs in the light were needed to 
induce any inhibition and at least 16 hrs of light were 
necessary for complete inhibition. The dependence of 
alachlor inhibition on light reactions of photosynthesis 
was suggested, but the role of light in alachlor in¬ 
hibition of growth remains unresolved, 
Hickey and Kruegar (14, 15) found that alachlor 
inhibited normal emergence of the primary leaf in 
sorghum and corn. The force needed for leaf slippage 
from the corn coleoptile was reported to be greater in 
the alachlor-treated sections. They concluded that 
alachlor increases the coleoptile's rigidity such 
that normal emergence of the primary leaf is inhibited. 
The ability of auxin and a low pH to induce rapid 
cell elongation in oat coleoptile sections (4, 5) has 
long been known, but information concerning similarities 
and differences in their mode of action remains incom¬ 
plete. Lowering the pH is thought to stimulate 
extension by causing the breakage of acid-labile bonds 
in the cell wall. Recently, Rayle (21) and Cleland 
(11) have demonstrated that auxin does cause a lowering 
of the pH outside the cell membrane. They suggest 
that at least part of auxin's growth promotion is due 
to this reduced pH. In contrast differences between 
the auxin and acid response have been found. Increased 
16 
respiratign accompanies auxin-promoted growth (19), 
whereas acid treatment has no effect on the respiratory 
rate (2), In addition, Barkley and Leopold (3) have 
recently reported that green pea stem segments elongate 
in response to auxin but not to a low pH treatment. 
The purpose of this study was to further investi¬ 
gate the role of light in alachlor's inhibition of 
oat seedling growth and also to determine the effects 
of alachlor on cell elongation using the oat coleoptile 
straight growth test. 
MATERIALS AND METHODS 
Oat seedling studies; Oat seeds (Avena sativa cv. 
Orbit) were sown in 6.5 cm diameter plastic pots 
filled with quartz sand. Following saturation of the 
sand by a subirrigation application of water the pots 
were transferred to complete darkness. Immediately 
preceding treatment all pots were thinned to 5 plants 
approximately 5 cm in height. Manipulations for the 
dark experiments were made under a safe green light. 
The herbicide was applied in two manners. In a 
subirrigation application, each pot received 40 ml of 
-4 
2 x 10 M alachlor solution or distilled water which 
was supplied in a styrofoam cup into which the pot 
containing the seedlings was placed. In addition, a 
-4 
foliar application of 2 x 10 M alachlor was supplied 
17 
as a mist to the coleoptile and hypocotyl until run 
off. Height of the above ground portion of the seed¬ 
lings was measured at the time of treatment and at 
appropriate intervals thereafter. 
Oat coleoptile studies: Oat seeds were sown on 
vermiculite in plastic boxes and watered with tap 
water. Rubinstein and Light (23) reported that the 
nutrient solution (i.e. water, 1 mM Ca SO^ or half¬ 
strength Hoaglands' nutrient solution) had little 
influence on responses to subsequent hormonal treatments. 
The seedlings were grown in complete darkness at 23 C 
for 108 to 112 hrs. Coleoptiles less than 2.5 cm 
long were removed and cut so that one 8 mm section, 3 mm 
from the tip, was obtained from each coleoptile. The 
primary leaf was removed. * The coleoptiles were then 
measured using a lense micrometer inserted into a 
dissecting microscope and treated. Treatment consisted 
of placing 4 to 5 sections into disposable 60 x 15 mm 
petri dishes containing 7 ml of appropriate solutions. 
The control solution consisted of 1.5% sucrose and 100 mM 
citrate-phosphate buffer, pH 6.4. In the case of a low 
pH treatment the same buffer at pH 4.1 was used. 
Naphthalene acetic acid (NAA) when included, was at a 
_6 
final concentration of 5 x 10 M. The final concentration 
of alachlor was 2 x 10~^M unless otherwise specified. 
The rate of growth was determined by periodically 
measuring coleoptile length. Preliminary experiments 
18 
indicated that the frequent handling of the sections 
did not significantly affect their growth rate. After 
initiation of an experiment, solutions were changed 
by transferring the coleoptiles to another petri dish 
with the appropriate solution. All procedures, begin¬ 
ning with harvesting, were carried out in the light. 
Petri dishes were placed on a shaker for all incubation 
periods. 
RESULTS 
Light versus dark studies; Alachlor completely 
inhibited shoot growth in the light when applied by a 
subirrigation treatment, whereas it only slightly 
inhibited growth of seedlings held in complete dark¬ 
ness (Figure 1), as observed by Chang et al. (9). 
On the other hand, a foliar application of alachlor 
caused almost a complete inhibition of shoot growth 
for tissue held in the dark but had no significant 
effect on the growth of seedlings moved into the light 
at the time of treatment. 
The variables inherent in studies conducted with 
intact plants make it difficult to interpret the results 
at the molecular level, an eventual necessity if the 
mode of action of a herbicide is to be elucidated. 
To limit variables associated with the intact plant 
while retaining the intact cell, studies were conducted 
using the oat coleoptile straight growth test. Alachlor 
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FIGURE 1. Effects of alachlor (2 x 10~4M), applied 
by either subirrigation or foliar spray, on 
the shoot growth of light- or dark-held oat 
seedlings (2 cm in length). Each treatment 
represents the average of 3 pots containing 
5 seedlings per pot. 
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(10 M) was inhibitory to cell elongation after an 
initial lag time of 3 to 4 hrs (Figures 2 and 3), 
_7 
At the lowest concentration tested, 10 M, no inhibi¬ 
tion or promotion of growth was found. NAA promoted 
coleoptile elongation, but did not interfere with the 
alachlor effect; whether or not treated with auxin, 
growth of sections was completely inhibited after the 
3 to 4 hour lag (Figure 3). 
A comparison was made of alachlor's effect on 
hydrogen ion- and auxin-induced growth. In the absence 
of alachlor, 5 x 10“ M NAA promoted growth of the 
coleoptile segments appreciably more than did the pH 
4.1 solution (Figure 4). Sections which had been pre¬ 
incubated in pH 6.4 citrate-phosphate buffer for 5 hrs 
grew 3.7 mm in 7 hrs in response to a treatment with 
•*6 
5 x 10 M NAA, and 2.8 mm during the same time period 
when transferred to a pH 4.1 citrate-phosphate buffer. 
-4 
When sections were pre-treated with 5 x 10 M alachlor 
for 5 or 8 hrs and then transferred to either an auxin 
plus alachlor solution (pH 6.2) or alachlor in a pH 
4.1 citrate-phosphate buffer, the growth rate was 
reduced (Figure 5). Sections pre-treated with alachlor 
ror 5.75 hrs increased .5 mm over 7 hrs in response to 
NAA and 1.55 mm in response to the low pH. This 
represents a 45% reduction in the low pH response 
and an 05% reduction in the NAA response due to alachlor. 
Measuring the elongation rate with a sensing tranducer 
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FIGURE 2. The effect of alachlor at 4 concentrations 
on the growth of oat coleoptile sections. Each 
treatment consisted of 3 sets of five 8 mm 
sections. Each set was floated on 7 ml of 
citrate phosphate buffer (pH 6.4), 1.5% sucrose 





















FIGURE 3. The effect of alachlor on the growth of 
control and NAA-treated oat coleoptile section 
-4 
The alachlor concentration was 5 x 10 M and 














FIGURE 4. The effect of NAA and a low pH on the 
growth of oat coleoptile sections preincubated 
for 5 hrs in buffer and 1.5% sucrose. The 
sections were transferred into 5 x 10 M NAA 
or pH 4.1 citrate phosphate buffer at the time 
indicated by the arrow. 
27 








FIGURE 5, The effect of NAA and a low pH on alachlor 
pretreated oat coleoptile sections. The sections 
«-6 
were transferred into 5 x 10 M NAA or pH 4.1 
citrate phosphate buffer at the time indicated 
~ 6 
by the arrow. NAA at 5 x 10~ M and the low pH 
(4.1) were applied 5 and 8 hrs after the applica- 
-A 
tion of 5 x 10 ‘M alachlor. 
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under similar conditions (2) confirmed that alachlor 
'was significantly less inhibitory to the acid-treated 
tissue than to auxin-treated tissue. 
DISCUSSION 
Chang et al. (9) demonstrated that an extended 
exposure to light was required to obtain growth 
inhibition when alachlor was applied to young oat 
seedlings by a subirrigation treatment. When treated 
seedlings were held in the dark for over two days and 
then transferred to the light, there was still a lag 
of about 20 hrs before growth inhibition could be 
detected. Because growth inhibition was enhanced when 
alachlor-treated plants were held in the light in a 
CC^-free atmosphere, it was suggested that some product 
of the light reactions of photosynthesis, i.e. ATP or 
reducing power, was required to elicit the alachlor 
inhibition. However, Chandler et al. (7) reported 
14 
that C-alachlor was taken up by excised wheat roots 
at the same rate in the light and dark. Presumably, 
alachlor uptake by the roots of intact oat seedlings 
is similarly independent of light. The observation 
that subirrigation treatments with alachlor are inhibi¬ 
tory to the growth of oat seedlings only when the 
seedlings are exposed to light, whereas a foliar 
application caused growth inhibition to seedlings left 
in complete darkness may illustrate a light requirement 
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for the translocation of alachlor from the roots to the 
shoots. The fact that a foliar application in the 
darkness caused essentially complete growth inhibition 
excludes the possibility that light is required for 
alachlor's action, per se. The role of light in the 
translocation of alachlor form the roots to the shoots 
is still not clear but possibly it involves the move¬ 
ment of the herbicide in the transpiration stream. 
The growth of oat seedlings pre-treated with 
high concentrations of gibberellic acid was found to 
be less inhibited by alachlor than seedlings treated 
with gibberellic acid at the time of alachlor treatment 
or subsequent to the herbicide application (8). This 
observation was interpreted as evidence that alachlor 
interacts with some product of gibberellin action, 
possibly auxin. Oat coleoptile sections have tradition¬ 
ally been used in studies of auxin action because removal 
of the coleoptile tip appeared to remove the source of 
endogenous auxin (20). We have found that after an 
initial lag of 3 to 4 hrs, which is probably due to a 
slow rate of alachlor uptake (7), alachlor inhibited 
both NAA-promoted and control growth. Interpretation 
of this observation depends on whether control growth 
proceeds independently of auxin. If control growth is 
not dependent on auxin, it would suggest that alachlor 
is not interacting directly with auxin. Evans (13) has 
found an increase in auxin synthetase activity after 
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removal of the physiological tip, suggesting that auxin 
may be responsible for some or all of the control growth. 
If growth in the absence of exogenous auxin is mediated 
by an endogenously produced auxin, it is possible that 
alachlor interacts directly with an auxin-mediated 
process. 
Exogenous auxin promotes the growth of coleoptile 
sections within 10 to 15 minutes after application (20). 
The mechanism whereby auxin causes this enhanced growth 
is not known, but it is known that hydrogen ions 
promote elongation and that auxin promotes hydrogen 
ion secretion (11, 21). Alachlor caused a reduction 
in the growth response of oat coleoptile sections to 
a low pH or an NAA treatment. This growth inhibition 
was more pronounced for the auxin-promoted growth than 
for the acid-promoted growth, the significance of which 
is not apparent. It is considered significant, however, 
that the herbicide inhibited both. It has long been 
known that auxin-promoted growth is dependent on protein 
synthesis (10) and respiration (20). Rayle and Cleland 
(22) recently found that inhibiting protein synthesis 
in oat coleoptile sections with cycloheximide was 
not inhibitory to the low pH promotion of growth. 
This independence of hydrogen ion-promoted growth from 
protein synthesis suggests that alachlor*s inhibition 
of growth cannot be due solely to an inhibition of 
protein synthesis, which is consistent with Chang's 
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(8) observation that alachlor did not inhibit protein 
synthesis• 
Rehm and Cline (23) recently found that low pH- 
promoted growth is inhibited by cyanide, a known 
inhibitor of respiration. We found (2) that alachlor 
did not inhibit 0^ uptake in oat coleoptiles during 
the first 4 hrs of treatment and inhibited 0^ uptake 
only 15% at 7 hrs. Thus, inhibition by alachlor of 
hydrogen ion- and auxin-promoted growth cannot be due 
solely to an effect on such basic processes as 
respiration or protein synthesis. 
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AN INVESTIGATION OF THE METABOLIC 
AND PHYSIOLOGICAL EFFECTS OF ALACHLOR 
ON AVENA SEEDLINGS AND COLEOPTLES SECTIONS 
Section II 
Effects of Alachlor and Propachlor 
on Avena Coleoptile Sections 
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ABSTRACT 
Alachlor was shown previously to inhibit elongation 
of control and auxin-treated coleoptile sections after 
an initial lag period of 3 to 4 hrs. Results presented 
here indicatev that propachlor similarly inhibits control 
and auxin-treated sections following a lag period of 
about 2 hrs. In addition, studies employing a sensing 
transducer confirmed that alachlor inhibits low pH 
promoted growth. 
The effect of alachlor and propachlor on membrane 
permeability was studied by measuring chloride and 
leucine uptake. The results suggest that chloride 
accumulation was inhibited by both herbicides and that 
leucine accumulation was reduced by propachlor. 
The effects of these two herbicides on respiration 
and protein synthesis, were examined. It was concluded 
that the inhibitory effect on growth by alachlor and 
propachlor could not be attributed solely to either 
of these processes. 
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INTRODUCTION 
Alachlor, 2 chloro-2',61-diethyl-N-(methoxymethyl) 
acetanilide, and propachlor, 2-chloro-N-isopropyl- 
acetanilide, are selective preemergence herbicides 
used in a number of agronomic crops. Both herbicides 
have been reported more inhibitory to shoot growth 
in a number of species when applied to the shoot zone 
rather than the root zone (1, 2, 3). Hickey and Kruegar 
(4, 5) found that alachlor inhibited normal emergence 
of the primary leaf in sorghym and corn; the force 
needed for leaf slippage from corn was increased due 
to alachlor treatments. They concluded that increased 
rigidity of the coleoptile may be responsible for 
inhibiting normal leaf emergence. 
Duke (6) reported that propachlor inhibits protein 
synthesis in cucumbers. Edmundson (7), however, was 
unable to link alachlor1s inhibition of cucumber growth 
to changes in either nucleic acid or protein synthesis. 
Devlin and Cunningham (8), using a barley half seed 
-4 
bioassay, reported that alachlor (1.9 x 10 M) only 
slightly inhibited the induction of °<-amylase. 
-4 
Propachlor inhibited induction of ^-amylase at 2.4 x 10 M 
by only 50% and was ineffective at lower concentrations. 
Recently, Chang (9) reported three lines of evidence 
which suggested that alachlor does not inhibit growth 
by acting as a general inhibitor of protein synthesis. 
The purpose of this study was to investigate the 
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possible relationship between certain physiological 
processes and growth inhibition by alachlor. Speci¬ 
fically the processes measured were growth, respiration, 
uptake and protein synthesis. To reduce system 
variables inherent in whole plant studies while re¬ 
taining the intact cell, the well-studied oat coleoptile 
section was used. 
MATERIALS AND METHODS 
Oat seeds, 7wena sativa cv. Orbit, were sown in the 
dark for approximately 110 hrs and growth experiments 
conducted with 8 mm coleoptile sections as previously 
described (2). Herbicide materials were acquired from 
Monsanto Chemical Company. 
Growth rate determination 
Ten coleoptile sections, 0,5 cm in length, were 
strung on a wire and preincubated for 5.5 hrs with or 
-4 
without 5 x 10 M alachlor. A 10 raM citrate phosphate 
buffer, pH 6.3, with 1.5% sucrose was used for the 
incubation media. At 5.5 hrs, a strung section was 
inserted into a measuring chamber and growth was 
monitored with a continuous recording apparatus similar 
to that described by Rehm and Cline (10). The NAA 
and low pH treatments were administered by filling the 
measuring chamber with appropriate solutions. The 
-• 6 
NAA final concentration used was 5 x 10 M. The low 
pH treatment consisted of a 10 mM citrate phosphate 
buffer, pH 4.1. 
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Determination of Respiration Rates 
Standard manometric techniques were used to measure 
respiration rates. Fifteen coleoptile sections were 
placed in Warburg flasks containing 10 mM citrate 
phosphate buffer, pH 6.5, 1.5% sucrose and appropriate 
treatments in a final volume of 2.9 ml. The center 
well contained 0.2 ml of 20% KOH. The temperature 
was maintained at 30 C. Readings were taken at 20 and 
30 minute intervals for 8 to 10 hrs and then at 19 hrs. 
Each treatment was replicated 2 or 3 times and each 
experiment repeated at least twice. 
Chloride Uptake Determinations 
Sections were pretreated with alachlor or propachlor 
for 2.25 or 4.25 hrs. Groups of 20 sections were placed 
in 2.4 ml of buffer containing appropriate solutions 
36 — 
and Cl*” (0.5 mM Spec. act. 2 mC Cl/gm) for 15 minutes. 
The solution was removed by aspiration, the sections 
were washed twice with distilled water and then were 
put in scintillation counting fluid in vials for 
determination of radioactivity. 
Leucine Uptake Determinations 
Sections were pretreated with alachlor or propachlor 
in the presence or absence of NAA for 2.25 and 4.25 hrs. 
Groups of fifteen sections were then placed in 4 ml of 
buffer containing appropriate treatments and L-leucine-i- 
(1.5 c, Spec. act. 62 mC/mmole)for 15 minutes. The 
solution was removed by aspiration, and the sections 
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were washed twice with distilled water and placed in 
plastic scintillation vials, 5 to a vial. To each 
vial 1.5 ml of 80% ethanol was added and the vial was 
placed in a boiling water bath. Upon complete evap¬ 
oration of the solvent, 1.5 ml of ether was added to 
each vial and allowed to evaporate at room temperature. 
This technique increased recoverable counts by 4-fold. 
The radioactivity of the sections was determined by 
liquid scintillation counting. 
14 
Incorporation of C-leucine into Protein 
Sections were pretreated with alachlor or propachlor 
with or without NAA for 2.25 and 4.25 hrs. Groups of 
45 sections were placed in 4 ml of buffer containing 
14 
appropriate treatments and L-leucine-1- C (1.5 c. Spec, 
act. 62 mC/mmole) for 15 minutes. A modification of 
Cleland's technique (11) was used to the extent of 
incorporation of leucine into protein. Groups of 10 
sections were washed twice with distilled water and 
extracted twice in 10 ml of boiling 80% ethanol. The 
segments were then washed twice each with cold 5% TCA 
and 95% ethanol and once with ethanol-ether (3.1) and 
ether. The radioactivity of the dried sections was 
then determined by liquid scintillation counting. 
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RESULTS 
The effects of alachlor on auxin-promoted elongation 
and propachlor on control and auxin-promoted elongation 
by coleoptile sections are compared in Figure 1. Both 
herbicides inhibited elongation. A 3 to 4 hr lag pre¬ 
ceded alachlor inhibition whereas only a 2 hr lag 
preceded propachlor inhibition. Similar results were 
observed for alachlor experiments in the absence of 
auxin (2). 
A 5.5 hr pretreatment of coleoptile segments with 
alachlor inhibited control growth as well as NAA- and 
acid-promoted growth (Table 1). The inhibition was 
greater on NAA-promoted elongation than on acid- 
promoted elongation, as observed earlier (2). 
It has been demonstrated previously that coleoptile 
section growth is respiration-dependent (12, 13). Most 
recently, Rehm and Cline (14) reported that preincubation 
of coleoptile sections with cyanide reduced their response 
to a low pH. The authors suggested that the acid 
response is at least partially dependent on metabolism. 
Thus, the possibility that alachlor and/or propachlor 
were inhibiting growth by inhibiting respiration was 
tested. Alachlor did not reduce control or auxin- 
stimulated respiration prior to (2 hrs after treatment) 
or when (4 hrs after treatment) growth inhibition was 
first apparent (Table 2). Seven hrs after treatment 
a partial reduction of respiration due to the alachlor 
FIGURE 1. Alachlor and Prooachlor inhibition of 
elongation of Avena coleoptile segments with 
and without NAA. Sections (8 mm) were cut 
from approximately 110 hr old etiolated oat 
coleoptiles and floated in appropriate solu¬ 
tions. The concentrations used were: NA*A, 
-6 -4 
5 x 10 M; alachlor, 5 x 10 M; propachlor, 























TABLE 1. Effect of alachlor on NAA- and acid-promoted 
growth rate of coleoptile sections. 
Pretreatment Treatment 
Control NAA pH 4.1 
(microns/min/section) 
-Alachlor 2.8 12.0 16.0 
+Alachlor 0.8 3.2 9.2 
Growth rates were determined using an angular position¬ 
sensing transducer. The sections were treated with 
— 6 
either 5 x 10 M NAA or pH 4.1 citrate-phosphate (10 mM) 
buffer after a 5.5 hr pretreatment with 5 x 10~^M 
alachlor 
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TABLE 2. Effect of alachlor, propachlor. and a low 
2H on the respiration 
the presence and absence of auxin. 
of coleoptile sections in 
_Rate of Oxvqen Uptake_ 
Treatment Total Incubation Time 
2 Hrs 4Hrs 7Hrs 
( l/min/15 coleoptile sections) 





Alachlor 1.14 + .03 1.21 ± -10 1.28 ± »00 
Propachlor 0.93 + .04 0.78 + .03 0.92 + .04 
Auxin 1.38 + .04 1.49 ± *05 1.79 ± -03 
Auxin and Alachlor 1.31 + .01 1.41 + .03 1.51 + .07 
Auxin and Propachlor 1.10 ± .04 0.86 ± .03 0.95 ± *03 
pH 4.1 1.26 + .04 1.10 + .13 1.44 + .08 
The NAA concentration was 5 x . 10“6M. The alachlor and 
-4 
propachlor concentrations were 5 x 10 M. The low pH 
treatment consisted of 10 mM citrate-phosphate buffer, pH 4.1. 
The standard error of the mean is given. 
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treatment was found in both control (8%) and auxin- 
treated (15%) sections. Propachlor inhibited 02 uptake 
by 20% 2 hrs after treatment and reached a maximum 
inhibition of 40% at 7 hrs after treatment. Incubation 
at pH 4.1 had no significant effect on respiration 
although such a treatment stimulates growth. 
Functional integrity of the membrane is an important 
factor in growth and growth-related events (15, 16). If 
alachlor were inhibiting growth by altering biochemical 
properties of the membrane, changes in uptake could be 
expected. Chloride and leucine uptake and the incorpor¬ 
ation of leucine into protein were measured at 2.25 
and 4.25 hrs after treatment to determine rates of 
uptake and incorporation just following the onset of 
propachlor (2 hrs) and alachlor (4 hrs) inhibition. 
Total amount of chloride accumulated by the 
coleoptile sections was reduced by alachlor 2.25 hrs 
after treatment in experiments 1 and 2 and 4.25 hrs 
after treatment in experiment 1 (Table 3). There was 
an apparent promotion due to alachlor at 4.25 hrs. 
Propachlor had no effect on chloride uptake at 2.25 hrs 
after treatment whereas, at 4.25 hrs after treatment 
propachlor*s effect on uptake was similar to that of 
alachlor. Under our experimental conditions alachlor 
had no apparent effect on leucine uptake. Propachlor 
appeared to inhibit uptake of leucine at 4.25 hrs 
after treatment, the inhibition being more pronounced 
with the NAA-treated sections. 
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TABLE 3, Effect of alachlor and propachlor on 
uptake by oat coleoptile segments. 
Total Incubation Time 
Treatment 2.25 Hrs 4. 25 Hrs 
Exp. 1 Exp. 2 Exp. 1 Exp. 2 
cpm/section 
Control 79.8 72.8 85.7 106.1 
Alachlor 57.7 64.6 103.2 84.2 
Propachlor 76.8 74.3 107.2 83.9 
The sections were preincubated with 5 X 10"^M alachlor or 
propachlor for 2. 25 or 4.25 hrs. The standard error of 
the mean is shown. 
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TABLE 4. Effect of alachlor and propachlor on the uptake 
14 
and incorporation of C-leucine into protein in 
the absence or presence of NAA. 
Treatment 
Minus i NAA Minus NAA Plus NAA 
Total Incubation Time 
2.25 Hrs 4.25 Hrs 4.25 Hrs 
Incorp Uptake Incorp Uptake Incorp Uptake 
(cpm/section) 
Control 322 247 277 297 339 447 
Alachlor 277 265 239 282 304 483 
Propachlor 266 265 129 249 104 291 
-4 
The sections were preincubated with 5 x 10 M alachlor or 
propachlor. The standard error of the mean is shown. 
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Because Cleland (11) has demonstrated that inhibi¬ 
tion of coleoptile growth follows inhibition of protein 
synthesis by 20 to 25 minutes and because propachlor, 
at least, has been reported to inhibit protein synthesis, 
the effect of alachlor and propachlor on leucine in¬ 
corporation into protein was investigated, Alachlor 
did not inhibit amino acid incorporation 2.25 hrs 
after treatment. At 4.25 hrs after treatment, there 
occurred a slight inhibition due to alachlor. Propachlor 
had a more pronounced effect on the incorporation of 
14 
C-leucine into protein. A 25% reduction of leucine 
incorporation was found 2.25 hrs after treatment and a 
40% (control) to 55% (auxin-treated) inhibition at 4.25 
hrs. 
DISCUSSION 
Both alachlor and propachlor inhibited cell elonga¬ 
tion after an initial lag period of 4 and 2 hrs, 
respectively. Alachlor accumulation in wheat coleoptiles 
is relatively slow and linear for 30 hrs (17) which 
could explain the lag. Previous experiments in this 
laboratory also suggest that the lag time is due to a 
slow uptake (2). An earlier onset of inhibition due to 
propachlor may also be due to a faster uptake rate. 
Alachlor did not inhibit the respiration of control 
or NAA-treated coleoptile sections during the time period 
when growth inhibition due to the herbicide was first 
detectable. In contrast, a partial inhibition of 
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respiration by propachlor was found within 2 hrs of 
treatment. Four hrs after the propachlor treatment, 
respiration was only 40% inhibited while growth was 
inhibited by more than 90%. These observations would 
argue against the possibility that these herbicides 
inhibit growth solely by inhibiting respiration, since 
it has been shown (12) that there is a very close 
correlation between the extent of inhibition of growth 
and respiration. It is interesting to note that the low 
pH treatment had no effect on respiration although Rehm 
and Sline (14) have recently reported that a 90 minute 
pretreatment with cyanide caused essentially complete 
inhibition of low pH-promoted growth. 
Presumably, one site of growth control is at the 
plasma membrane, and logically alachlor and propachlor 
may inhibit growth by interacting with the plasma membrane. 
Since growth might be controlled by events at the plasma 
membrane, alachlor and propachlor might affect grov/th 
by interacting with the plasma membrane. The hydrophobic 
nature of alachlor and propachlor would tend to con¬ 
centrate them in a non-polar environment. Thus, the 
uptake of chloride and leucine were used as indicators 
of the herbicides' possible effect on the membrane. 
Alachlor appeared to inhibit chloride uptake previous 
to and during the onset of growth inhibition, while 
inhibition of chloride uptake due to propachlor was not 
found during the onset of growth inhibition. Propachlor 
caused an apparent reduction in leucine uptake 4.25 hrs 
53 
after treatment. Although it does not appear that either 
herbicide is inhibiting growth by drastically disrupting 
membrane integrity, the possible relationship between 
membrane phenomena and growth inhibition by alachlor 
and propachlor needs further study. 
During the initial inhibition of growth due to 
alachlor (4.25 hrs after treatment) and propachlor (2.25 
hrs after treatment), protein synthesis was reduced 10% 
and 23% respectively. Two lines of reasoning argue 
against the inhibition in growth being due solely to 
alachlor acting as an inhibitor of protein synthesis. 
Nooden and Thimann (18) have found with oat coleoptiles 
a quantitative similarity between the extent of inhibition 
of protein synthesis and the degree of growth inhibition, 
with puromycin. That is, inhibiting protein synthesis 
by 13% and 47% with puromycin inhibited growth by 14% 
and 45% respectively. Four hrs after alachlor treatment 
protein synthesis was inhibited by 15% and growth by 
more than 75%. Propachlor inhibited protein synthesis 
by 55% 4 hrs after treatment while growth inhibition was 
complete. That alachlor's, and especially propachlor's, 
effect on protein synthesis plays some role in its 
inhibition of growth can not be refuted, but that it 
inhibits growth solely by acting as a general inhibitor 
of protein synthesis is not consistent with Nooden and 
Thimann's observation. 
The second line of reasoning that alachlor does not 
inhibit growth by inhibiting protein synthesis is based 
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on the recent evidence that auxin stimulates hydrogen 
ion release (15, 16, 19) and, therefore, that low pH- 
and auxin-induced growth are closely linked. Cyclo- 
heximide (6yUg/ml), which is known to inhibit protein 
synthesis by more than 90% within 3 to 5 minutes (11), 
was shown to have no effect on low pH-induced growth, 
even if the cycloheximide application was 90 minutes 
prior to the low pH treatment (16). Alachlor inhibits 
low pH-promoted growth (Table 1). If growth by auxin 
is due to a reduced pH at the cell wall, then alachlor 
must be acting in a different manner than the protein 
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The effects of alachlor, 2 chloro-2',6'-diethyl-N- 
(methoxymethyl) acetanilide, on the growth and metabolism 
of the oat seedlings and coleoptiles were studied. 
Effects of another acetanilide herbicide, propachlor, 
2-chloro-N-isopropylacetanilide, have been compared in 
a number of these studies. 
Alachlor inhibited growth of etiolated oat seedlings 
in the dark only when applied by a foliar application, 
whereas tissue placed in the light was inhibited by a 
subirrigation treatment. A light requirement for trans¬ 
location is suggested. 
Elongation of control and auxin-treated oat coleop¬ 
tiles was inhibited by alachlor after an initial lag of 
3 to 4 hrs and by propachlor after a 2 hr lag. Because 
this lag was longer when sections were incubated in 
solution without agitation and because treating sections 
with an extract from alachlor-inhibited sections did not 
reduce the lag time, it is suggested that uptake is 
responsible for the lag. (Both experiments were conducted 
only with alachlor.) 
Alachlor pretreatments of 5 and 8 hrs were inhibitory 
to auxin- and low pH-promoted growth in coleoptile 
sections, the inhibition being more pronounced on the 
auxin-promoted sections. 
Alachlor inhibited neither the control nor auxin- 
promoted respiration rate during the initial period of 
growth inhibition. In contrast, there was a partial 
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inhibition due to propachlor 2 to 4 hrs after treatment, 
a time when this herbicide completely inhibited growth. 
Since a close parallel between the degree of inhibition 
of respiration and growth has been shown using cyanide, 
it is concluded that neither herbicide prevents growth 
by inhibiting respiration. 
It is known that events occurring at the plasma 
membrane are a factor in the regulation of growth. Thus, 
the possible effect of alachlor and propachlor on mem¬ 
brane function was investigated by measuring the uptake 
of chloride and leucine in the presence of these herbicides. 
Alachlor had no apparent effect on leucine uptake while 
Cl~ uptake was somewhat reduced due to alachlor. Pro¬ 
pachlor did appear to inhibit leucine accumulation 4.25 
hrs after treatment. Chloride uptake was not appreciably 
changed due to propachlor.. Based on these results it is 
suggested that neither herbicide inhibits growth by 
drastically altering structure or permeability of cellular 
membrane, but the possibility that alachlor growth inhi¬ 
bition is linked to a membrane phenomena needs further 
investigation. 
During the initial inhibition of growth due to 
alachlor (4.25 hrs after treatment) and propachlor (2.25 
hrs after treatment) protein synthesis was reduced 10% 
and 23%, respectively. Two lines of reasoning are pre¬ 
sented which argue against the possibility that growth 
inhibition was a consequence solely of these herbicides 




FIGURE la-d. The effect of alachlor on the growth 
of control, GA-treated and auxin-treated oat 
seedlings held in the light or dark. Etiolated 
oat seedlings (approximately 3 cm in length) 
were treated at day zero by a subirrigation 
application of appropriate solutions. Con- 
-4 -A 
centrations used were alachlor: 10 M; GA: 10 *M; 
fi 
and NAA: 5 x 10 M. 
a. Dark, alachlor and NAA 
b. Continuous light, alachlor and NAA 
c. Dark, alachlor and GA . 








































































































FIGURE 2. The effect of a subirrigation application 
of alachlor or propachlor on the growth of oat 
seedlings held in the light. The seedlings 

































































































FIGURE 3. The effect of alachlor on the growth of 
mung bean seedlings in the light. The seedlings 
were approximately 6 cm high at the time of 
treatment. Treatments were made by a subirriga¬ 
tion application. The control consisted of 
distilled water. 
□ ALACHLOR I0‘5 M and GA 10 
0 ALACHLOR I0'4M and GA 10' 
• CONTROL 





2 4 6 8 1C 
TIME AFTER TREATMENT (DAYS) 
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TABLE 1. The effect of alachlor on the growth of 
mung bean seedlings in the dark. The seedlings 
were approximately 6 cm high at the time of 
treatment. The treatment was made by a sub¬ 
irrigation application. The control consisted 
of distilled water. * 
Treatment 
Increase in Height (cm) 
5 Days After Treatment 
Control 19.3 + .3 
Alachlor 
-4 
10 M 17.3 + .1 
Alachlor 10’5M 16.1 + 1.3 
The standard error of the mean is shown. 
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TABLE 2. The effect of alachlor on the growth of 
control and GA-treated soybean seedlings 
(5 days old) held in continuous light. The 
treatment was made by a subirrigation appli 
cation. The control treatment consisted of 
distilled water. 
Treatment 
Increase in Length (cm) 
6 Days After Treatment 
Control 6.4 Hh 0.5 
Alachlor 
-4 
10 M 5.3 + 0.2 
Alachlor io“5m 6.2 + 0.6 
Alachlor 
10 + GA 14.2 + 0.8 
The standard error of the mean is shown. 
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FIGURE 4. The effect of continual shaking on coleop 
tile growth and on inhibition of growth by 
alachlor* The alachlor concentration was 
-4 
5 x 10 M. Sections were either held station¬ 























FIGURE 5, The effect of alachlor on coleoptile 
section growth of two varieties of Avena sativa. 
The two varieties were Orbit and Victory, 
-4 





















FIGURE 6. The effect of alachlor and ethanol on 























TABLE 3. The effect of continuous light or continuous 
darkness on the growth of coleopt.ile sections. 
Concentrations of growth regulators used were: 
-4 -6 
alachlor at 2 x 10 M and NAA at 5 x 10 M. 
Treatment Continuous Light Continuous Dark 
Increase in Length After 24 Hrs (mm) 
Control .085 + .018 .142 + .019 
Alachlor .053 + .009 .060 ± -021 
NAA .515 + .031 .436 + .015 
NAA and 
Alachlor .192 ± .012 .170 + .017 
The standard error of the mean is shown. 
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FIGURE 7. The effect of sucrose, 1.5% w/v, on the 
growth of control, NAA, and alachlor-treated 
oat coleoptile sections. Concentrations used 
-A 
were: alachlor at 2 x 10 M; and NAA at 
5 X 10~6M. 
79 
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FIGURE 8. The effect of a low pH treatment on the 
growth of oat coleoptile sections preincubated 
in ,01 M citrate-phosphate buffer, pH 6.4, 
1.5% sucrose, for 6 and Q% hrs. The acid 
treatment consisted of a pH 4.1 citrate- 

























FIGURE 9, The effect of extracts of alachlor- 
treated and untreated coleoptile sections on 
the growth of coleoptile sections. Control 
and alachlor-treated sections were ground after 
a 5 hr incubation and applied to freshly har¬ 
vested sections. The alachlor concentration 
-4 
was 5 x 10 M. For comparison, control and 
alachlor-treated sections are included. 
INCREASE IN LENGTH (mm) 
ro 
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TABLE 4. The effect of alachlor on NPA-binding to 
particulate fractions of oat coleoptiles. 
Homogenates were mixed with radioactive 
l-N-Naphthylphthalamic Acid (NPA) and appro¬ 
priate treatments and subsequently centri¬ 
fuged at high speed. 
Treatment CPM H-NPA Bound 
3 
H-NPA 1195 
+ NPA 510 
+ Alachlor 1260 
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FIGURE 10. The effect of alachlor on 00 uptake by 
NAA-treated oat coleoptile sections and the 
effect of alachlor and propachlor on 0^ 
uptake by control sections. Concentrations 
-4 
used were as follows: alachlor at 2 x 10 M; 
propachlor at 2 x 10~4M; and NAA at 5 x 10~6M. 
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FIGURE 11. The effect of propachlor on uptake 
by control and NAA-treated oat coleoptile 
sections. Concentrations used were as follows: 
-4 -6 
propachlor at 2 x 10 M and NAA at 5 x 10 M. 
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